In this study, a diagnostic test is developed to genotype beta casein variants in animal. This is the first report of its kind in Pakistan as before this report either sequencing or tedious and costly procedures were in use for genotyping of beta casein variants in Pakistan. Additionally, for the first time in Pakistan Holstein Friesian imported from Holland, United States and Australia were genotyped to elucidate their genotype status for beta casein polymorphism.
Introduction
Milk is rich source of nutrients and has remained important part of diet in history. In ancient era of Egypt milk and dairy products were considered as specialty and were reserved for upper class only including royal families and wealthy people. By 5 th century, in Europe, cows and sheep were prized on the basis of milk production. European dairy was then brought to north America in early 1600's where revolution in milk consumption happened when pasteurization was introduced which enabled the use of milk by distribution away from farm keeping quality undeteriorated to stipulated time. Now this has become need of every home with estimated per capita consumption of 20 liters in north America. In spite of established quality standards for microbial load, somatic cells count, proximate composition, there are other factors too which have not been under limelight until publishing of book titled "Devil in the Milk: Illness, Health and the Politics of A1 and A2 Milk" (Woodford 2009 ). In this book details of beta casein variants and their effects on human health has been hypothesized. This started an uprising global debate over milk quality with respect to beta casein and its relevance with disease occurrence.
Milk contains 3.2 % of protein by composition and in proteins about 80% is casein which exists in milk in the form of micelles. Remaining 20% of total protein is called whey protein which comprises of α-lactalbumin and β-lactoglobulins. Casein class of proteins further have many types, α-casein, β-casein and κ-casein (Jones 2002) . β-casein protein constitutes 25-30% of total milk protein. Beta casein protein is encoded by CSN2 gene that spans over 8.5 kb of chromosome number 6, comprising of 9 exons (Bonsing et al. 1988) . A SNP believed to be associated with human health exists in exon 7 of CSN2. This SNP is generally named as A1A2 SNP. Difference between A1 and A2 variant is the substitution of cytosine (C) nucleotide with adenine (A) nucleotide at specific position, which leads to a change in the amino acid from histidine (present in A1 type) with proline (present in A2) at 67 th position of beta casein polypeptide (Bonsing et al. 1988 ).
Figure 1: Replacement of Proline amino acid (A2 beta casein) with histidine amino acid (A1 beta casein) at 67th position of beta casein protein due to SNP
Based upon the reports it is believed that consumption of A1 milk is linked with occurrence of many diseases which includes type 1 diabetes, cardiovascular diseases, autism, schizophrenia and auto immune disorders (Woodford 2008) . A large-scale study, conducted using data from 19 countries in which a correlation between A1 casein and disease prevalence was analyzed concluded with the fact that countries having high per capita consumption of A1 milk have higher increased disease prevalence especially ischemic heart disease (Laugesen and Elliott 2003) . This may be because A1 milk casein is subjected to 3-dimensional conformational change in protein structure which makes it vulnerable to different proteases especially digestive enzymes ( Figure 3 ). In in vitro studies, pepsin, elastase, leucine aminopeptidase (LAP) and pancreatin are found to be able to digest beta casein protein. However, this enzymatic action leads to the release of an oligopeptide of 7 amino acids named β-caseomorphine 7 (BCM-7)
while this opioid agent is not released by A2 β-casein variant (Jinsmaa and Yoshikawa 1999). It is believed that A1 type of beta casein is secreted in milk by European cattle while cattle of Asian or African origin secretes A2 type of beta casein in milk, also animals other than cattle produce A2 milk. Even human β-casein gene sequence shows that it contains A2 milk (Ng-Kwai-Hang and Grosclaude 2003). It is worth mentioning that A1A2 is co-dominant in expression, which means that if animal is heterozygous it would produce both milk casein types in milk. There is no effect of dominancy of one allele over other ( Fig.3 ). (1) Milk can be tested for the presence of A1 and A2 variant of beta casein in milk, but it requires so much effort to elucidate the conformational change between two proteins of same length, proteomics study is cumbersome and requires sophisticated instruments.
(2) Animals are tested at genetic level, as this trait is co-dominant in expression hence milk produced from and A1 animal will contain A1 protein only, milk produced from A2 genotype animal will produce A2 milk only and animal of heterozygous genotype will produce both A1 and A2 variant of beta casein.
No indigenous technology was available in Pakistan to genotype animals for the elucidation of milk status in term of beta casein variant. In Pakistan, there are some studies on the beta casein variants in bovine but either these studies did not involve A1A2 SNP ( According to a rough estimate, Pakistan is believed to have 10 million heads of Holstein
Friesian and major part of this is contained in corporate dairy sector, milk of which is processed and marketed across the country. Hence there is a need of survey to find genotype status of imported animals. At present there are three major sources of import of these animals viz America, Australia and Holland. It was seen that no proper certification is provided at the time of import of cattle regarding genotype of beta-casein polymorphism. Hence it was important to know the genotype of these animals that may influence the policy making. PCR was optimized at annealing temperature of 66 °C, DNA concentration between 40-100 ng/µL and outer versus inner primer concentration ratio of 1:1.
Materials and Methods
Optimized PCR profile is: Initial denaturation at 95°C for 5 mins, Cyclic denaturation at 94 °C for 1 min, primer annealing temperature 66 °C for 30 seconds, cyclic extension at 72 °C for 1 min and final extension at 72 °C for 10 mins with 34 amplification cycles.
PCR was carried out on test population comprising of 78 animals of Holstein Friesian breed.
Most of these animals were of Australian origin. Amplified PCR products were visualized by electrophoresis using 1.5% agarose gel prepared in TAE buffer stained with ethidium bromide.
Also, no-template control (NTC) was run in PCR to check contamination. A control band of 586 bp appeared in all samples while 384 bp fragment amplified in sample having A1A1 genotype, 256 bp amplified in sample having A2A2 genotype and both bands of 384bp and 256 bp appeared in animals that were in heterozygous state i.e. A1A2 as shown in figure 4. Out of 78 samples of test population, sequencing results showed that 9 samples were having Results of study conducted in this paper is in accordance with previous studies with minor variations. Keeping in view the prevalence of A1 genotype in Holstein Friesian present in Pakistan and health implications of milk from animals of A1 genotype, selective breeding program is suggested. Moreover, it is suggested that cattle and semen imported from different countries should be checked before use or certificate of genotype of animal or semen should be demanded from exporting country. As this test perform equally best for genotyping of indigenous cattle so in future there is need to genotype our local cattle population for the formulation of public policy regarding this issue.
